Background & objectives: Clinical diagnosis of cutaneous leishmaniasis (CL) may bear a high rate of false diagnosis. This study assessed CL-suspected episodes, in an attempt to differentiate confirmed CL and non-CL diagnoses.
INTRODUCTION
Leishmaniasis, a vector-borne zoonosis, is endemic and notifiable in Israel 1 . Leishmania parasites can cause different clinical manifestations, including cutaneous leishmaniasis (CL), mucocutaneous or visceral disease [2] [3] [4] . In CL, the extra-cellular stages of the Leishmania parasites (promastigotes) are transmitted (during blood meal) by a sandfly vector into skin macrophages, where they transform into the cellular phase (amastigote). The disease manifests itself as a cutaneous lesion at the site of the sandfly bite [3] [4] . Cutaneous leishmaniasis is common in the Old World (including the Middle East) and the New World regions [4] [5] . Outbreaks of CL have been reported in the Old World, mostly in the context of human invasion to the zoonotic cycle 2, [6] [7] [8] [9] . In Israel, the major endemic species are Leishmania major (prevalent in southern Israel) and L. tropica (prevalent around Jerusalem and the northern Jordan valley) [10] [11] [12] . These species cause disease in both the humans and reservoir host animals. For L. major, the reservoir hosts are small rodents 11, 13 . The cutaneous disease is characterized by one or more skin lesions that may appear as a papule or ulcer, or characteristically as a round "wet ulcer" lesions (especially in case of L. major infections) [3] [4] . In general, CL cannot be diagnosed solely on the basis of lesion's appearance 2, 4 . Commonly, CL lesions are painless, non-purulent, and non-itching [3] [4] . However, it is not uncommon for CL lesions to be infected with bacteria (secondary infection), usually Staphylococci, resulting in painful, purulent and itching lesions [14] [15] [16] . Similarly, systemic features, such as fever or organomegaly, are not characteristics of CL, unless a secondary bacterial infection is present [2] [3] 15 . Therefore, findings of purulent discharge from lesions, which are usually attributed to bacterial infection, do not exclude CL diagnosis. Cutaneous leishmaniasis lesions do not respond to local or systemic antimicrobial and steroidal treatment 17 .
J Vector Borne Dis 56, June 2019, pp. [159] [160] [161] [162] [163] [164] [165] Typically, CL diagnosis is delayed for several months following the sandfly's bite [2] [3] . As sandflies are mostly active during the summer months in the Old World, the lesions appear typically during the winter months 2, [18] [19] . The sandfly's bite does not hurt, thus when the lesion appears most of the patients do not remember having been bitten [2] [3] .
In the past few years there has been a continuous outbreak of CL by L. major in southern Israel, especially in the northwest region, possibly caused by human invasion into the zoonotic endemic cycle 18 . The Parasitology Laboratory of the Soroka University Medical Center (SUMC), Israel, where lesion biopsies from suspected-CL cases are evaluated, serves all southern Israel residents, including military bases in the area. Following the outbreak in recent years, the parasitological laboratory at the SUMC switched from microscopy-based diagnosis to PCR diagnosis 20 . This study aimed to assess the demographic and clinical characteristics of CL-suspected episodes/cases, in an attempt to differentiate confirmed CL and non-CL episodes.
MATERIAL & METHODS

Study setting and design
This is a retrospective, case-control study, conducted by the Pediatric Infectious Disease Unit (PIDU) at the SUMC, Israel. This report is based on the CL data obtained from the SUMC's computerized database, spanning over a three-year period, from 2013 through 2016. All the cases of suspected-CL with skin lesions (irrespective of age), who were treated at the SUMC during the study period and whose lesions were sampled and tested for Leishmania by PCR at the SUMC's Parasitology Laboratory were included in the study. Only episodes with at least one recorded visit at the emergency room, outpatient clinics or hospitalization wards of the SUMC were included, to allow comprehensive evaluation of clinical data.
Definitions
Cutaneous leishmaniasis was defined as a skin lesion with a positive PCR diagnosis of any Leishmania species (L. 
Data collection
Demographic and clinical data were retrospectively obtained. Demographic data included seasonality according to diagnosis date (September through February as the cold months and March through August as the warm months), age, gender and ethnicity. Clinical features of the lesions included ulceration, itching, pain and secretion based on the information available in the medical files. Additionally, treatment data were also recorded.
Molecular methods
The smears were taken under sterile condition using a disposable scalpel blade (No. 11). A small incision was made in the margins of the lesion with the blade. The blade was scraped along cut edge to pick up skin tissue, which was then smeared on a clean glass microscope slide for staining (later on) with Giemsa stain.
For culturing the parasites, the skin lesion aspirates were inoculated into a culture tube containing Rosewell Park Memorial Institute (RPMI) medium, supplemented with 30% fetal calf serum and then incubated at 25-28 °C for up to three weeks and was checked microscopically for promastigotes 18 . Multiplex real-time PCR (multiplex qPCR) analyses were performed, as previously described 20 . A swab applicator was taken from the edge of the wound, placed into a tube containing transfer media (FLOQswabs, Copan, Murrieta, CA, US), and nucleic acid extraction was performed using Nimbus IVD system with Seegene Universal Cartridge kit, according to the manufacturer's instructions 20 . Following extraction, the samples were tested in parallel, in a test tube for Leishmania species, L. major and L. tropica. Amplification was carried out using the DNA qRT-PCR enzyme (Light Cycler 480 Probes Master; Roche Diagnostics, Mannheim, Germany). Primers, common to all Leishmania species, for the internal transcribed spacer [ITS-1] (5.8S ribosomal RNA gene) conserved region were used. Samples that were positive for Leishmania species but negative for L. major and L. tropica were considered positive and were tested further by additional qPCR for L. braziliensis and L. infantum/ donovani.
Statistical analysis
Descriptive statistical analyses, univariate analyses and multivariate analyses were calculated using SPSS 24. Univariate analyses were performed using either twotailed chi-square test or Student's t-test or Mann-Whitney U test to assess the association between potential risk factors and confirmed or negative Leishmania PCR results (CL and non-CL, respectively). The threshold for statistical significance was p <0.05. Logistic regression models were used to evaluate potential risk factors, co-variate and confounders for CL. Several variables that were statistically significant at the level of p < 0.05 in the univariate analyses were included in multivariate logistic regression models. Additionally, logistic regression models were used to evaluate factors associated with administration of CL empiric treatment.
Ethical statement
The study was approved by the SUMC's Ethics Committee (Approval No. 0054-14-SOR; dated February 2, 2014).
RESULTS
During the study period, 352 suspected CL episodes were identified. After exclusion of missing data, 324 episodes were eligible cases (Fig. 1) . Out of the 324 suspected CL cases, 158 (48.8%) were confirmed as CL and 166 (51.2%) were negative for CL (non-CL). Of the confirmed CL episodes, 152 (96.2%) were caused by L. major, 3 (1.9%) by L. tropica, 2 (1.3%) by L. braziliensis, and 1 (0.6%) by L. infantum. In the non-CL group, bacterial infections, allergy, insect bites and unknown etiology comprised 43.4, 9.6, 9 and 24.1% of all the non-CL episodes, respectively.
Demographic and clinical characteristics of suspected-CL episodes
Overall, mean age ± SD was 33.4 ± 23.8 yr, with most episodes recorded in adults aging >18 yr (73.1%), males (59.3%) and patients of Jewish ethnicity (79.6%). The majority (60.8%) of episodes were diagnosed in the autumn and the winter months (September through February) ( Table 1) . Analysis of residence distribution showed that 35.2% were from the Northwest Negev; 49.7% from other parts of the Negev region; and 12.6% from nonNegev regions. The lesions were primarily observed in the limbs (73.1%), followed by face (28.8%) and trunk (10.8%). Number of lesions per episode ranged from 1 to 26, with a mean of 2.9 ± 3.8 lesions. Overall, 52.5% of episodes were with a single lesion. The size of the lesions ranged from 0.2 to 15 cm (mean size 2.7 ± 2.4 cm). Ulcer appearance, purulent discharge, painful and itchy lesions were recorded in 55.2, 18.2, 47, and 42.9% of all the episodes, respectively, while systemic fever was recorded in only 4.7% of all the episodes. The majority (62.5%) of CL-suspected episodes were diagnosed within <1-month of duration.
Initial treatment regimens
Initial empiric treatment for CL was recorded in 39.8% (115 of 289 episodes for which treatment data were available) of episodes. Cutaneous leishmaniasis treatment regimens included use of Leshcutan © ointment (n = 87, 75.7%), intra-lesional pentostam (n = 23, 20%), liposomal amphotericin gel (n = 4, 3.5%) and intra-venous pentostam (n = 1, 0.9%). Other, non-CL (n = 174) targeted, treatment regimens included systemic (oral or intra-venous) antibiotics (n = 67, 38.5%) and topical antibiotics (n = 56, 32.1%). Topical steroids were given in 60 (34.5%) episodes (20 CL and 40 non-CL episodes).
Comparison of demographic and clinical characteristics between CL and non-CL episodes
In univariate analysis, mean age, region of residence, ethnicity, distribution of lesions and fever rates were similar when comparing CL and non-CL episodes ( 
Demographic and clinical characteristics associated with empiric CL treatment administration
In univariate analysis, mean age, gender, region of residence, distribution of lesions, itching, painful and purulent lesion rates were similar when comparing empiric CL treatment with other treatment episodes ( Table 2 ). Empiric CL treatment administration was associated with Jewish ethnicity (88.7% in empiric CL vs 72.4% in other treatment), September through February seasonality (68.7 vs 56.3%), multiple lesions (58.7 vs 40.8%), ulcer (65.9 vs 52.1%) and >1-month duration until diagnosis (77.9 vs 51.4 %). In contrast, fever (0.9 vs 8%) was associated with other, non-CL, treatment regimens.
Multivariate analysis CL diagnosis:
The depending variables were-Duration of >1-month until diagnosis, empiric CL treatment, gender, seasonality and ulcer. Empiric CL treatment (odds ratio, OR = 5.144), ulcer (OR = 2.459) and seasonality (OR = 2.144) were significantly associated with CL, while for male gender (OR = 1.908), and duration of >1-month until diagnosis (OR = 1.924), a trend (p = 0.06, both) towards association with CL was observed (Table 3) .
Empiric CL treatment: The depending variables were: Jewish ethnicity, duration of <1-month until diagnosis, seasonality, ulcer and fever. Jewish ethnicity (OR = 2.446) and duration of >1-month until diagnosis (OR = 3.304), were significantly associated with empiric CL treatment (Table 3) .
DISCUSSION
In the current study, CL diagnosis was confirmed only in approximately half of all the suspected CL episodes sent for PCR diagnosis. Factors associated with CL diagnosis included male gender, seasonality, ulcer appearance of the lesions and >1-month duration until diagnosis. The rate of empiric treatment for CL was higher in CL-confirmed episodes (63%) than in non-CL episodes (16%) and was associated with Jewish ethnicity and >1-month duration until diagnosis. 
Bufman et al: Cutaneous leishmaniasis clinical characteristics
The relatively low (<50%) positivity rate of CL diagnosis emphasizes that CL diagnosis should be laboratory confirmed, preferably by molecular diagnosis, and not rely solely on the basis of clinical presentation [21] [22] .
Indeed, the appearance of skin lesions following CL infection varies depending on the species as well as host genetic factors and extent of immune activation 4 . Molecular diagnosis has several advantages, not only over clinical diagnosis, but also over microscopy-based diagnosis, as it is less observer dependent, highly sensitive, and strainspecific, with the latter being a crucial determinant in the choice of treatment 3 . Cutaneous leishmaniasis differential diagnosis is broad and includes, among others, bacterial (mainly staphylococcal and streptococcal) and fungal infections, hypersensitivity reactions, and cutaneous malignancy. Differentiating CL from those diagnoses is difficult. In the present study, we have focused on previously described demographic and clinical features that may help differentiate CL from these entities 23 , including its chronicity, painlessness, number of lesions, the presence of purulent discharge, ulcerations with well-defined borders, and fever.
Although clinical diagnosis was not reliable, several factors were associated with CL diagnosis which may serve the treating physicians in the diagnostic process of CL suspected episodes. Male gender association with CL diagnosis is possibly related to the zoonotic nature of the disease. Indeed, male gender predominance has been reported in other zoonoses 18, 24 . Seasonality, and specifically presentation of skin lesions in the colder months of the autumn and the winter, is an important factor in this regard. As CL is usually acquired in the summer months (the peak activity period of female sandflies), lesions typically appear only after 3-4 months 2 . This is probably derived from both CL pathogenesis (formation of a marked lesion over a period of several months) and the delay in diagnosis that may be related to delay in seeking medical advice or to the wrong treatment regimens initially prescribed by physicians for assumed bacterial skin infections. Indeed, in the current study, prolonged episode durations (until the confirmation of diagnosis and treatment provided) were observed in CL episodes.
The appearance of ulcers is another important factor which assists in CL diagnosis, especially in case of L. major infections. Leishmania major lesions are typically described as "wet ulcer" lesions 4 and as such, this specific appearance, combined with other clinical and demographic factors, should raise a high level of suspicion for CL in endemic regions. Nevertheless, it should be noted that ulcers are not typical in other CL cases caused by, non-L. major, strains. Furthermore, of all the clinical characteristics evaluated in the present study, pathognomonic characteristics were not recognized, albeit some unique manifestations (e.g. "Volcano shape" appearance) and could not be evaluated due to missing data.
Several clinical risk factors could not be assessed by multivariate analysis in the present study, and were only analyzed in univariate analysis, due to relatively high rates of missing data. Nevertheless, it is of crucial importance for treating physicians to realize that CL episodes may be complicated with bacterial skin infections 14 , and that the characteristics like single lesion, purulent discharge, fever and itching merely suggest other diagnosis and do not rule out CL diagnosis. The substantial disparity between rates of confirmed diagnosis (~50%) and rates of administration of specific empiric CL treatment (63% in CLconfirmed episodes vs 16% in non-CL episodes) is striking. We offer two explanations for this disparity. First, treating physicians may be willing to conduct diagnostic assay and reluctant to start empiric treatment, which may be associated with side-effects. Second, administration of treatment may be related to other, non-clinical factors, including drugs availability, financial considerations and treating physicians' disease epidemiology perception. In this regard, the higher rate of empiric CL treatment recorded in the Jewish population, compared with the Bedouin population (treated more commonly with non-CL treatment regimens), may be related to these factors.
The main limitation of this study is its retrospective nature. As a consequence, some data regarding risk factors and clinical parameters are missing. Moreover, clinical signs and symptoms are prone to observer and interviewer bias. Additionally, we recognize the possibility of selection bias, as all episodes were collected from the in-hospital setting, and may not accurately reflect the rates of "accurate" diagnosis in the community setting. The strength of the study includes the relatively large number of cases and the fact that all CL diagnoses were made by PCR.
CONCLUSION
The results of the study suggest that, CL diagnosis should not rely on clinical appearance, which is often misleading. Laboratory confirmation of CL, preferably by PCR, should be sought in all the suspected cases to allow suitable treatment. Seasonality, ulcer appearance, number of lesions and gender may aid in correct identification and treatment of CL.
